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EVALUATION

The significance of this contractual effort is that it provides
design specifications for a unique data processing configuration based
upon utilization of an associative/parallel processor. The technology
incorporated in this configuration permits rapid search and retrieval of
unindexed data, both numeric and non-numeric, using flexible search
criteria. The operator of the system is able to interact with it through
an input/output CRT terminal. Input data can be obtained from a large
random access storage device or from communications lines, and can be
handled at a maximum 4 Megabyte per second rate. The system has
applications in searching large data bases, filtering an input data
stream and searching input messages in real time.

It is planned to fabricate a system based on the design specified in
this report, and provide this pilot system to support Air Force Indications
and Warning functions.

This effort supports technical program objective R3B by providing an

advanced automated intelligence data handling capability.
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Project Engineer
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SECTION 1
INTRODUCTION AND SUMMARY

Introduction

The detailed design of the standalone version of the
Sensor Data Correlation System is complete. The system
includes the SCAT 16 Associative Processor, a controller
for the CDC 9790 Disk Storage Unit, and a high speed
parallel bus interface to the PDP-11/45 system host computer.
The design also includes applications software module
designs for handling teletype messages with provisions for
additional modules for handling intermixed fixed format
records having a wide range of data formats and record size.

The SCAT (Standalone Content Addressable Terminal)
processing concept was developed in 1974 as an outgrowth
of the Sanders OMEN family of orthogonal memory design,
covered by U.S. Patent 3,277,449, This memory architecture
permits serial external data transfers with the host and at
the same time parallel internal data transfers for associa-
tive/parallel processing. The OMEN processors contained
parallel vertical arithmetic units for high-speed, bit-serial
processing of numeric data. Their design was optimized for
high speed matrix manipulations for digital signal processing
particularly for performing fast Fourier transforms. The
OMEN systems did not include a high speed parallel transfer
mass storage system.

The SCAT/32 design, described in Sanders proposal
WAZDC, 6 January 1975, employed an 8-track parallel, 25M
byte fixed head disk, a 32 channel orthogonal memory, and
a simplified vertical arithmetic unit optimized for fast
associative search and retrieval of fixed format records
stored on the disk.

The present SCAT 16 design, described herein employs
up to 4, 4-track parallel, 300 M byte moving head disks,
a 16 channel orthogonal memory, and a vertical arithmetic
unit expanded for handling text as well as fixed format
records. The system can be expanded to handle 8/1l6-track
parallel disks to increase throughput, a larger number of
search keys to provide faster response to multiple queries,
and wider textword windows to accommodate longer search
phrases., However, the system as currently designed will
handle all of the data bases described in proposal WAZDC
as well as providing high performance/cost for sensor data
correlation,

1-1
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Section 2 of this report presents a general equipment
description, an overview of system operations and capabili-
ties, subsystem specifications, a functional description of
the software, system data flow, a detailed description of
the Associative Processor, and a detailed description of
the operator interface.

Section 3 presents a detailed itemization of system
hardware, identifies long lead items with their lead times,
and includes a piece part breakdown of the Associative
Processor.

Section 4 presents a detailed plan for the development
of a pilot model of the system in the standalone configura-

tion together with schedule and cost estimate.

Section 5 presents a system functional specification
and a preliminary test plan for testing the system.

Appendix A presents a detailed functional specification
of the SCAT applications software for the initial system.

1.2 Executive Summary

The Sensor Data Correlation System (SDCS) has been
designed as a general purpose data storage and retrieval
system for intelligence data handling applications. Althowgh
specified for handling the NMIC 5-day message file using
simple associative search techniques, the capabilities of
the SDCS, as presently designed, far exceeds this require-
ment. For a number of years there has been an outstanding
requirement for a low cost Associative/Parallel (A/P)
processor which could handle non-numeric as well as numeric
data and which, using associative search techniques, would
greatly decrease data retrieval times while eliminating the
need for complex file directories. The SDCS fulfills this
need,

The SDCS includes a large (up to a gigabyte) disk file
and A/P processor. Together, these can be attached as an
intelligent mass memory peripheral to a non-dedicated PDP-
11, or similar, host., As a result, the capabilities of the
host system are greatly enhanced by the addition of a large
content addressable file whose records can be rapidly
searched and specified data accurately retrieved. Because
the A/P File and Processor is intelligent, it imposes a
minimal CPU load on the host. An intelligent graphics
terminal can also be added to provide interactive control
of the system, 1-2
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The SDCS can also be provided in a standalone configur-
ation with a PDP-11/45 host, one or more A/P File and
Processors, and one or more interactive terminals., In either
configuration the large disk File serves as a temporary or
semi-permanent repository of fixed format and/or free format
records or documents which may be readily and accurately
retrieved on the basis of specific content. Examples of
records which may be retrieved using the associative search
technique are teletype messages, technical documents, and
sensor reports. Search algorithms (i.e., queries) are
composed on the CRT terminal and transferred to the A/P
File and Processor for immediate execution or filing for
later use, In a multiuser environment filed queries may
serve as dissemination profiles which are immediately
recalled for serial execution as new records are input.

Accompanying each query is a retrieval algorithm (i.e.,
desired response) which specifies whether all or selected
portions of hit records are to be retrieved for display or
further processing. Data is retrieved on-the-fly as soon o
as a hit is scored whenever the content of the record
matches that specified by the query. When a file search is
initiated, record data is continuously transferred from the
parallel track disk to the A/P Processor for examination
and the on~the-fly hit retrieval permits this rapid transfer
to continue uninterrupted until the file is exhausted.

The system is designed to provide not only a very rapid
search and retrieval capability but a highly accurate one
as well, For example, the query can specify that numerical
attributes be exactly equal to the key value or fall within
or outside of specified limits., Words in text may be
required to exactly match or to partially match the keywords
in the query. Groups of textwords, or their synonyms, may
be required to occur or not occur within a given proximity
and/or order. A soft match may also be specified wherein
a minimum number of keywords from a list must match,

Using a between limits search the system can be used
for the rapid plotting of histograms for analyzing the
statistics of selected record attributes. For sensor data
correlation the system can be used to screen and selectively
file an input data stream of sensor reports. The file can
be searched at any time to extract fd?‘d.splay position
coordinates and other data for targets of inte"é?t"-w:a»-..“._-.._,““_.-_.
detailed map underlay selected from a map library also
stored on the disk. By this means target reports from
different sensors at different times may be rapidly cor-
related using time compression display techniques. Although
the system will support very sophisticated queries with
complex search algorithms, it has been designed with the

1-3




untrained operator in mind. Special function keys, cues,
menus, and feedback permit the novice to employ as much or
as little of the power of the machine as he desires.




SECTION 2
SYSTEM DESIGN

This section describes the overall SDCS in both a standalone
configuration and in a configuration where the major SCAT com-
ponents are integrated into an existing or planned I&W computer
network, This description is followed by an overview of system
operation for retrospective search, sensor data correlation, and
data stream monitoring. Next, a detailed description of the SCAT
Associative/Parallel (A/P) processor is given followed by a
description of the SCAT software and data flow within the system.




2.1 General

The Sensor Data Correlation System (SDCS) has been designed
as a standalone system for screening, filing, and rapid retrieval
of textual and non-textual data. In the standalone configuration
the system includes a large content addressable disk file, the
SCAT Associative/Parallel (A/P) Processor, a large screen graphics
display terminal, a PDP-11/45 host, and associated peripherals.
Alternately, the A/P Processor with disk file and/or graphics
terminal can be supplied separately as peripherals to an existing
non-dedicated host.

In either configuration the system can be programmed for the
following capabilities:

e Real-time purge/update in non-indexed 300 Mbyte file
expandable to 1.2G bytes. The system can handle data
input rates up to 3000 char/sec. at 5G% host CPU load.

e Screen input messages against many keyword analyst
interest and/or priority profiles with real-time purge/
update and/or dissemination. The system can screcen
messages at the 3000 char./sec. input rate against
approximately 100,000 keywords.

e Compile search and retrieval programs for 1-32 keys/key-
words., The system can handle up to one search request
per second at 50% CPU load.

e LExecute search programs using =,>,<, DONT CARE compare
operators and their negatives and using AND, OR, EXOR,
WITHIN, link operators and their negatives plus 7 levels
of parenthesis. Average search speed is about 2.5 million
characters/second.

e Retrieve and disseminate selected record attribute data
on-the—-fly for display in real time hit lists at analyst
positions. The system can handle data retrieval rates of
300,000 char./sec. at 50% CPU load.

e Display hit lists or entire hit records or messages on
analysts display terminal as requested. The system can
handle three 4500 character dumb terminals or many 4500
character smart terminals at 50Z CPU load.

The actual capabilities of the system in the standalone
configuration at up to 100%Z CPU loading or at up to, say, 10X CPU
loading of a non-dedicated host will be determined by input data
rate, input data screening requirements, number of analysts

2=2
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‘(e.g., bargraph) presentation of selected data attributes. The

supported, search request rate per analyst, and the amount of
data retrieved per search.

2,1.1 Stawmualone Configuration

In this configuration with the currently planned software,
this system would handle a data base similar to the NMIC 5-day
message file, The file would be loaded in the batch mode via
RK-05 disk pack, paper tape reader, or terminal keyboard. The
SA 500 Graphics Terminal would be used for the creation of file
search and retrieval algorithms and for the display of retrieved
messages or designated portions thereof. The system contains the
following major components:

Large Screen Graphics Display

Content Addressable File

Associative/Parallel Processor

PDP-11/45 Processor and Associated Peripherals

Figure 2-1 shows the general organization of the system, and
Figure 2-2 shows its mechanical configuration,

2,1.1.1 Large Screen Graphic Display

A Sanders SA 500 large screen (12" x 12" viewing area)
graphic display provides the analyst with a method for the com-
position and editing of search and correlation algorithms as well
as for the softcopy presentation of retrieved data. The graphic
capability of the SA 500 allows for the potential display of
search algorithm logical flow charts as well as for graphic

display indicator with, alphanumeric/function keyboard and light-
pen, is provided in a desk top unit measuring 21" high, 36" deep
and 24" wide. The associated Display Generator Unit is housed
in a 10%" high 19" rack mounted assembly.

The SA 500, as a general purpose caligraphic display, allows
for extensive potential expansion of system alphanumeric and
graphic presentations.

2.1.1.2 Associative Disk File (ADF)

The ADF provides for the storage of nearly 300 million bytes
of data representing approximately 50 days' worth of formatted
teletype messages. The ADF 4-track parallel READ/WRITE capability
provides a high, continuous file readout rate of approximately 4
bytes/microsecond. Thus, an entire 300 MByte file can be read
out (i.e., flushed) in approximately 75 seconds.

The disk unit utilized in the ADF is a Control Data Corpora-
tion 9790, housed in a 45" high x 45" deep x 22" wide cabinet.
The disk control unit, designed by Sanders Associates, occupies
three cards in the Associative Processor chassis.

2-3
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2.1.1.3 Associative/Parallel (A/P) Processor

The A/P Processor is a specially designed processor which
provides for rapid correlations/searches to be performed on ADF
data. Up to 32 bytes of key can be correlated with each byte
of data while the ADF is read at its maximum continuous rate of
4 bytes/microsecond. For average text, with the processor by-
passing unproductive records, up to 32 keywords used in a search
can be compared with each textword of file data without slowing
the 4 byte/microsecond data transfer rate of the ADF.

The A/P Processor is contained within one 19" rack-mount
card cage, with a total of sixteen 7" x 10" cards.
2.1.1.4 PDP-11/45

The following hardware complement is associated with the
PDP-11/45.

e System controller with 64K of 980 NS memory
e Two RK-05 2.4 MByte I/0 disk with controller
e PC-11 Paper Tape Reader/Punch

@ LA-11 Line Printer with Controller

e Decwriter

This complement of equipment, supported by the DEC RSX-11M
operating system plus special SCAT system software, provides for:

e Application program creation, maintenance and storage
@ Source data storage

® Lncoding and formatting of source text inputs for
Associative Disk File updating.

@ Preparation of data for display on the SA 500
® Generation of search algorithms based on analyst inputs
@ General svstem monitoring and control

2,1.1,5 BSystem Software

Support Software

The RSX-11M operating system provided with the PDP-11/45
provides real time event driven multi-tasking support. Systen
components include:




e Real time executive for interrupt handling,
program fetch and dispatch, and I/Q control.

e Full ANSI FORTRAN IV and Macro-1l1l languages for
program development.

¢ File management system for storing and maintaining
data, with access via symbolic identifiers.

e ODT (On-line Debugging Technique) which allows
interactive execution of programs to locate faults.

e A text editor, EDIT-11, to assist in the creation
and maintenance of program source files.

e A task builder program which collates relocatable
object programs and prepares files suitable for
execution.

¢ A number of general purpose utility programs such as
the peripheral interchange program (PIP), file verifi-
cation utility and a library maintenance program (LBR).

System Software

SCAT is provided with special software for operating the
system in the standalone mode, with batch loading of fixed and
free format data bases. Included are:

e Text formatter/deformatter including "tuckword"
dictionary.

e Teletype header formatter/deformatter.

e Disk loader, including sector hard error dictionary
for the disk file.

e Input displayer for composing and editing search
algorithms on the CRT.

e SCAT Compiler

Terminal Support Software

The SA 500 is provided with the GSS-3 software support pack-
age which is incorporated into RSX-11M for display control.
Functions included are: display control for text, vectors, points,
& circles; input control from lightpen, trackball, & keyboard;
scaling, clipping, and smoothing. GSS-4 provides the same set of
services for the Graphic 7 most of which resides in terminal
firmware. The rest resides in the host as FORTRAN callable sub-

<routines. 2-7




2.1,2 HNon-Dedicated Host

For operation with an existing or planned non-dedicated host
computer; such as the PDP-11/45, PDP-11/70. or A.L/GYQ-21(V); the
ADF, A/P Processor, and graphics terminal could be provided
separately in a Tempest qualifiable configuration. For this
application the Sanders Graphic 7 Smart terminal would replace
the SA 500 dumb terminal to minimize CPU loading of the host.
Both terminals utilize the same Sanders model 530 CRT display
and keyboard layout but the Graphic 7 DGU contains a micro-
processor with 4K word ROM and 8K - 24K word RAM for display
refresh memory and FORTRAN callable display control under
standard GSSIV operating software and SCAT applications software.

Figures2-3, 2-4, and 2-5 show the mechanical configurations
of the psyu, A/P Processor, and Graphics Terminal respectively.
Figure 2-6 shows how these elements would be integrated into a
typical I&W system with the Message Support System hosting the
A/P Tile and Processor with about 6000 SCAT instructions and
the User Support System hosting the Terminal with a small number
of SCAT instructions.
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2.2 SYSTEM OVERVIEW —ai

The SCAT A/P File and Processor is designed as a large
intelligent mass memory peripheral to the PDP-11 family of
minicomputers for the storage and fast, accurage retrieval of both
textual and non-textual records. The file requires no directories
or indexes because records are retrieved based on specific
content and not their location in the file.

Because the file requires no directories, a large burden is
removed from the host in purging and updating the file. 1In the
SCAT system the file is partitioned into 24K pages (i.e., disk
sectors) of 12K bytes each. A copy of the oldest page in the
file is maintained at the host and is purged of all messages
which are to be removed from the file. New messages are accumu-
lated in this page until the page is full. It is then transfered
to a 12K byte random access data buffer for the file and entered
back into its former position.

To retrieve all messages relating to a given subject the
analyst composes on his CRT a Boolean English search and re-
trieval algorithm containing all combinations of keywords which
he believes will retrieve only messages of interest. The search
algorithm is then compiled and transferred to a 4K byte random
access program memory where it can be repeatedly transferred to
the associative array. The disk then seeks the first sector
where records of interest are stored and a continuous transfer of
data from the disk to the associative array via the data buffer
is made until the last sector containing records of interest is
reached. Search g retrieval times areshort because of the parallel
architecture of the machine. During a search file data is con-
tinuously transferred from disk on four parallel tracks at a
time at a combined average bit rate of 32 Mbps or 4 8-bit bytes
per microsecond. The content of the file records is examined
at the byte level in a rectangular associative array processor
of 16 parallel data bytes by 8 parallel key bytes. To further
speed the search process, the machine is designed to skip over
unproductive records. The Associative Processor is fast enough
so that search algorithms employing up to 32 search keys or key-
words can be executed without interrupting the 4-byte/us data
flow from the disk.

The retrieval algorithm transfers requested data from hit
records on-the-fly to the host computer or CRT terminal so that
the retrieval process also does not interrupt the disk data flow.
Witha minimal amount of file organization to limit the portion
of the disk searched, all data relevent to the search can be
transferred to the host or terminal in a few seconds.

Figure 2-7 illustrates both the purge/update operation and
a retrospective search, If the input message rate is 3000 175
word messages/day (about one every 30 seconds) it will require
about 200 seconds to accumulate the 7500 characters which is the
approximate net capacity of the 12K byte page. When the page has
been filled it will then be filed on disk and, if all of the old

2-13
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messages are not to be purged, this update will occur more often.
In order to be able to retrieve a message immediately after
receipt, it is temporarily stored in a buffer sector until the
next update operation occurs,

The SCAT system is designed for easy entry of search and
retrieval algorithms by the analyst at the CRT terminal. Thirty-
two special function keys are provided for analyst command of
the system and for entering the Boolean compare and link functions
required for the search algorithm. Algorithms may range from
simple lists of keywords to sophisticated structures involving
header data, word phrases, words which must not appear, word
stems, and alternate combinations of keywords which will satisfy
the intent of the search. The utility of the system and the
accuracy of retrieval is adaptive to the analyst's mastery of
the technique of conducting searches by specific content.

Retrieval algorithms determine what data is to be retrieved
from records which meet the requirements of the search. For
teletype messages this may range from a simple listing of the
date and originator of the hit messages, a listing of keywords
which caused the hit, to sequential presentation of the entire
hit messages. In a file of tactical sensor target reports
selected data (such as latitude and longitude of the target,
time of the report, and sensor type) can be extracted on-the-fly
on the basis of area of interest, target type, target emissions,
etc., This data could be presented on a map underlay for rapid,
operator assisted correlation of target/sensor data. This
operation is illustrated in Figure 2-8,.

Search and retrieval algorithms which are to be repeatedly
used can be stored on the disk for later retrieval and execution,
In fact, since the disk can feed either the program memory or
the data buffer memory, the roles of the two memories can be
swapped so that a block of 12K bytes of data in the data buffer
can be continuously compared to search keys/keywords previously
stored on disk and continously transferred to program memory.
Thus, analyst keyword profiles by subject interest and subject
propriety profiles of any length can be stored on disk and used
to screen each incoming message as it is input. Messages which
meet any of the profile criteria can be selectively filed and/or
disseminated as shown in Figure 2-9.

Detailed specifications for the Disk Storage Unit, the
Associative Processor, and the Graphic 7 Display Terminal are
presented in Tables 2-1, 2-2, and 2-3 respectively.
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TABLE 2-1
SENSOR DATA CORRELATION SYSTEM
DISK STORAGE UNIT SPECIFICATION

e General

Cylinder/Spindle: 404 + 7 spare
Tracks/Cylinder: 40
Active Heads/Cylinder: 4
Cylinder Seek Time (ms): 15, TRK-TO-TRK*

50, AVER.

80, MAX.
Size (in): 45H X 45K X 22W
Weight (1b): 800
Power (kw): .750 nom, 3.50 max.
Rotation Period (ms): 16.67

* TRK-TO-TRK Seek Time shall always be less than rotation
period.

e Unformatted Data

Bytes/Track: 20,160
Bytes/Spindle (41l eyl.): 331,430K
Transfer Rate/Track: 1.209M Bytes/Sec.

e Formatted Data (Single Track)

Sectors/Track: 6
Bytes/Sector: 3072
Bytes/Sector Gap: 288

e TFormatted Data (4 Track Parallel)

Bytes/Sector: 12,288

Sectors/Cylinder: 60

Transfer Rate/4 Tracks: 4.0M Bvtes/Sec Cont,
e Static Skew: 1 ps max. (10 bits)

Skew after head change: 5 us max. (50 bits)




TABLE 2-2
SENSOR DATA CORRELATION SYSTEM
ASSOCIATIVE PROCESSOR SPECIFICATION

l. Principal Functions

1.1 Store digitally coded textual or fixed format messages
on the basis of time of arrival.

1.2 Retrieve all or selected parts of these messages on the
basis of fixed format attribute values and/or textual
content,.

2. Basic Description

The Associative Processor (A/P) is an intelligent two-port
controller. The computer port adapts the A/P to a host main-
frame, where it accepts information for storage and receives
search queries. The data base port interfaces to a mass stor-
age device. The prototype A/P is designed for use with Digital
Equipment PDP-11-X host and a Control Data CDC 9790 disk storage
unit, but with the replacement of the adapter modules may be
used with other mainframes and storage units,

3. Computer Port Specification

3.1 Data

3.1.1 Structure 16 bit Parallel Word

3.1.2 Protocol Asynchronous
Selection/Acknowledge

3.1.3 Transfer Rate 0-10° words/second
bidirectional

3.2 Address

3.2.1 Structure 20 bit Parallel, Bidirectional

3.2.2 Protocol Asynchronous

Selection/Acknowledge
3.3 Control

3.3.1 1Interrupts Processor Interrupt-Programmed
Input/Output
Non Processor Interrupts
Direct Memory Access (DMA)

3.3.2 Polled Operation Sixteen bit readable
Status Register




TABLE 2-2

Data Base Port Specification

4.1

L o
(bl L s
44,143

Data
Structure
Protocol

Transfer Rate

4,2 Address

Data Buffer

Capacity
Organization

Transfer Rate (peak)

Program Buffer

Capacity
Organization

Transfer Rate (peak)

Search Control

7.1 Hit Response Options
7.2 Byte Level Operators
7.3 Key words per search
7.4 Bytes/Keyword
7.5 Keyword Links

CONT.

4 serial channels
Synchronous

9.7MHz each channel
Bidirectional

24,240 directly addressable
sectors
12,288 bytes/sector

12,288 bytes
768 x 128 bits
6.6 bytes/us bidirectional

4,096 bytes
256 x 128 bits

6.6 bytes/us bidirectional

Stop on hit

Increment hit
Fetch Message
Fetch Message
Fetch Message

counter
Location
Header

Fetch Key Strike Register
Data byte = Key Byte

Data byte # Key Byte

Data byte < Key Byte

Data byte > Key Byte

Data byte S Key Byte

Data byte 2 Key Byte
Continued True

Unconditional False
L e 30
1 = 32

AND
OR
EXOR
NOT
NAND

NOR
EXNOR
PARENTHESIS

(7 LEVEL)

2-20




TABLE 2-2 CONT.

7.6 Proximity of Non Tuckwords
(QUOTE)
7.7 QUOTE Groups
7.8 Search Rate
(no skip)
7.9 Search Rate
(50% skip)
2-21

A field of within 2 to 8
non tuckwords.

4- Two keywords at a time
2- 4 keywords at a time
1- 5-8 keywords at a time

1-24 keys 4 bytes/us
25-32 keys 3 bytes/us

1-24 keys 7 bytes/us
25-32 keys 5.25 bytes/us




TABLE 2-3
SENSOR DATA CORRELATION SYSTEM
GRAPHICS DISPLAY TERMINAL SPECIFICATION

e TERMINAL CONTROLLER

General
Power Source: 115 10 Vaec, 47-63 Hz
Power: 300W
Temperature: Storages 0 to 50°C =
Operating: 15 to 40°C
Relative Humidity: 10 te 90Z
Dimensions: 1050 Fa,. Hy TG0 dne W,
16.0 in. D
Weight: 515 1bs
e DISPLAY PROCESSOR
General Purpose Microprocessor
Word Length: 16 bits
Byte Mode: 8 bits
Instructions: 400+
Registers: 8

Automatic Priority Interrupt

Memory
ROM: 4K words
RAM: 8K to 24K words

e HOST INTERFACE

Parallel: 16 bits, 500K words/sec.
(TTL standard)
Serial: RS 232C, 9600 baud

standard (up to 50K baud
optional)

e GRAPHIC CONTROLLER

Parallel Microprocessor: Lo blts

Display Instructions: 40

Synchronized Linkage to
Display Processor




TABLE 2-3 CONT.

Subroutine Stack
Display Registers:
GP Registers:

Refresh Rates:

VECTOR/POSITION GENERATOR

Addressable Locations:
Viewing Locations:
Line Type:
Programmable Speeds:
Adaptive Timing

CHARACTER GENERATOR
Type:

Character Set:
Aspect Ratio:
Rotation:

Sizes:

High Speed:

Programmable Speeds:

Character Write Time:

OUTPUT CHANNEL

Total Displays:

X, Y Channels:

Z Volts:

Termination:
Brightness Levels:
Blinking (adjustable)
PHOTOPEN Intensifier

13
4

60, 40 or 30 Hz; or free
running

2048 by 2048
1024 x 1024
4
2

Cursive Stroke

96 Standard, 96 Optional
3:2 (normal)

90° counterclockwise

4

2.4 usec (typical)
3.6 usec (with tab)
2

150 nsec/stroke
Adaptive Timing

I+

5V

Q@ ta LoV

75 Ohms

8

0.5 to 5.0 He




TABLE 2-3 CONT.

DISPLAY INDICATOR (MODEL 530)

Viewing Area:
(max.)

CGRE

Positioning Time:

Position Accuracy (% of full

scale)

Position Repeatability:
(% of full scale)

Contrast Ratio:

Line Width, Spot Size:
Power:

Approximate Size:
Weight:

Phosphor:

Recommended Refresh Rate:

Ambient Lighting:

Deflection:

Focus:

Controls:

Cabling:

12 x 16 inches

21 idin, diageomal

25 usec

S
=

Q028

275W

24 x 24 x 24 in,
98 1bs

P31 (Green); others avail-
able

60 frames/second; line
locked

40 foot candles on hori-
zontal work surface

Electromagnetic, using
Sanders patented write-
through-yoke techniques.

Low voltage electrostatic

Brightness, contrast,
focus, power ON/OFF

50 ft. coaxial supplied
for X, Y and Z from
terminal controller




2.3 System Functions

2.3.1.

General Capabilities

The Sensor Data Correlation System (SDCS) is
designed to allow an analyst to compose search algorithms
and execute them to find each message from the input or
permanent data base which matches the criteria of the
algorithm. The analyst may edit messages from the data
base and refile the edited message in the active input
area or in a permanent storage area.

The input data base for the system will be created
from messages which have teen stored on a removable disk
pack by another PDP-11 system. In the future, the system
could be modified to accept input from a direct UNIBUS*
interface or a modem communications interface. For test
purposes, messages may also be entered from the display
keyboard by editing a null message.

The analyst may enter a search algorithm and a file
to be searched and then initiate a search to find and
display a list of the accession numbers of all messages
within the file or files which match the search algorithm.
Selected data from the message header and/or the hit
mask may be displayed with the list,

Search Algorithm Entry and Edit

A search algorithm is a group of header attribute
values and text keywords joined by link operators. It
specifies the content of the group of messages that the
analyst desires to examine.

The analyst enters search algorithms via the display
keyboard., The display will show the portions of the
algorithm which have been entered and also assist in
positioning and choosing the next entry. The algorithm
consists of one format term and at least one attribute
or text term, Typically there will be several attribute
and text terms, Each term is joined to the previous
term by a link operator. Parentheses may be used to
group the terms,

Format Term

The first term of each search algorithm will be a
format term. The term consists of only the format name
on a line by itself. A search algorithm can search
only messages of one format so each algorithm has one
format term as the first term,

2-25




Initially the system will have only one format
defined, others may be added.

Attribute Terms

An attribute is one of the fields of the message
header which may have only predefined values. The values
are either numeric, such as date, time, message number;
or named such as source, addressee, category code,

An attribute term allows the system to search for a
value of one specific attribute. It may be a single
value, up to eight unique values, or if the attribute is
numeric, a range of values, The attribute terms, if any,
must follow the format term and preceed any text term.

An attribute term generally consists of a single
line containing: a link operator, an attribute name, an
attribute operator, and a value or values, '

e Attribute Name

The attribute name is a name of one of the
message header fields. In the format definition
table, each attribute will be defined as named
or numeric and as single or multi-valued. A
multi-valued attribute may have up to 8 values,

e Attribute Operator

The attribute operator is one of the following
operators which is permitted for the given
attribute name. Optionally, "NOT" may be
used to prefix any of the operators.

OPERATOR PERMITTED VALUE(S)
1. equal to l to 8, named or numeric,
2, greater than one numeric only,
3. 1less than one numeric only.
4, Dbetween two numeric only,.

e Attribute Values

The operator specified will determine how many
values will be accepted. The attribute name
will determine if numeric or named values will
be accepted and if the attribute is single or
multi-valued, In the list above, the permitted
values are indicated.

2-26




"Equal to" permits one to eight values which
may be either named or numeric. Values are
separated by commas if any value will satisfy
the search. For multi-valued attributes,
ampersand (&) may join values where all values
must be present to satisfy the search,

"Greater than'" or "less than" permits only a
single numeric value,

n
Between" permits only two numeric values. The

end points of the specified interval will be
included.

Text Terms

A text term consists of a list of one or more words
or phrases, called elements, separated by commas and
terminated by a period. The list of elements may occupy
more than one line., A phrase is two to eight words
separed by spaces. The elements separated by commas are
linked by the inclusive OR operator. A text term is
satisfied (matched) if any element is found in the
messages being searched., A phrase must be matched by
the same words in the same order with no intervening
words or punctuation.

@ Characters and Punctuation

The letters A thru Z and the numbers O thru 9
will always be considered characters. Some
punctuation such as & % $ # @ will also be
treated as characters, that is "327%" or "#99"
will be treated as three character words.

Others will be determined by context. For
example, period, comma, slash, and... followed
by space will be punctuation but if preceeded
and followed by numeric characters, they will
be treated as characters, thus "34,749,423",
and "0,003" will be words.

Exclamation mark, question mark, parentheses,
brackets, braces, double quote, colon, semi-
colon, asterisk will always be punctuation.

¢ Wildcard Characters

A word is a string of adjacent characters
terminated by a space or punctuation character,
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If the word to be searched for may have several
endings or possible spelling variations, '"don't
care" or wildcard characters may be used to
construct the key word for the search.

The question mark (?) is used to represent
exactly one single don't care character. The
crosshatch (#) is used to represent either
zero or one character. The asterisk (*) is
used to represent any number (zero, one, or
many) of don't care characters at the end of
a word only.

For example:

Keyword: Will Match:

LAUNCH#* LAUNCH, LAUKCHED, LAUNCHING,
LAUNCHES, LAUNCH-PAD, ...

?70SMOS KOSMOS, COSMOS, ...

REACT?? REACTOR, REACTED, ...

but not: react, reacting,
CeaCEion,; .

REACT # # REACT, REACTS, REACTED,
REACTOR, ... but not:

reaction, reacting.

MAN* MAN, MAN'S MANNED, MANNING,
MANUFACTURE, MANIPULATE, ...

Link Operators

The link operator spccifies the Boolean operation
by which two terms or groups of terus are joined. Terms
are grouped by means of parentheses which may be nested
up to five levels., '"NOT" may preceed and term or group
of terms. The link operators are:

AND

AND WITHIN == (must join text terms)

OR (must be in parentheses)

XOR (must be in parentheses)
(The "AND WITHIN --" operator will allow a number of

from 2 to 7 words to be specified, The count will
include both matching words and any non-tuckwords between
them) .
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® Algorithm Edit

When an algorithm is displayed, whether during
entry or later, the analyst may insert or
delete a term or any part of a term or its
link. This is done by positioning a cursor

to the part to be changed and using function
keys to enter, modify, or delete the item.

Storage and Retrieval of Search Algorithms

The system as delivered will be able to store search
algorithms or partial search algorithms. These algorithms
may be recalled by the analyst and displayed for edit or
execution., The analyst can name algorithms as they are
stored and recall them by name or display the list of
those stored. Optionally if the algorithms are stored on
the Associative Disk File (ADF), keyword searches may be
done to find algorithms.

Search Algorithm Compilation

After an algorithm has been entered, and edited if
desired, it must be compiled before it can be executed.
The compilation process will indicate any errors or
warnings to the analyst by blinking or otherwise identify-
ing the name, word, or operator which caused the error.

The compiler will accept the search algorithm input
by the analyst and translate it into an associative
processor search program consisting of header attribute
value blocks and text keyword blocks, link operators,
quote field qualifiers, and the header attribute location
data.

The compiler will sort and modify the input and
display the modified algorithm. It will also produce

a program to define the search to the associative processor,

Value and Keyword Validation

As the first step, the compiler will look up each
named item (format, attribute, value) and verify that
the name is valid. The program codes for each name will
also be obtained, Each text element (word or phrase) will
be compared to the tuckword dictionary entries. Tuckwords
which follow non-tuckwords in phrases will be encoded.
Note that tuckwords may neither begin a phrase no- be a
single word elerent.
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Keyword Sort

The compiler will sort the text keywords and the
attribute values into the proper order for the search
program. This sort will insure that all attribute values
occur before any text keywords and that any keywords which
appear in quote fields are within the first eight text
keywords. This may require inserting additional paren-
theses and duplicating certain keywords within the groups
formed by the parentheses and/or modifying the link
operators in order to pPpreserve the logical relationships
of the original algorithm.

@ Errors detected during this phase will include:

Attribute terms cannot be grouped and linked to
text terms.

Text search cannot be divided into blocks of
less than 8 keywords.

Syntax and Key Limit Analysis

The keywords, attribute values, parentheses, and
link operators in the sorted search algorithm will be
examined to determine if they can be blocked into a
search program. This will require blocking the search
algorithm so that the following limits are not exceeded:

e There may be no more than four program blocks.
A block may contain eight text keywords or eight
attribute values, values and keywords may not be
m:xed within a block.,

e Each block must have its elements combined into
a signel logical group.

e The first text block must contain all keywords
which appear in quote field specifications.

Quote Field Patternm Synthesis

The keywords within quote fields will be examined to
see which combinations of words can be permitted in the
text to match the search algorithm specification. The
result of this will be the quote field bit mask for the
search program,

Header Attribute Location

Location data will be retrieved from the format
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definition table for each attribute, This data is also
inserted into the search program.

Search Executikn Order

The search execution order contains two items:
1) Where to look; and 2) what to do when a match is
found. What to search for is described by the currently
displayed compiled algorithm,

File Area Specification

Where to look is indicated by one or more file area
names in the search execution order. If no name is
specified, the search will cover all the messages stored.

Hit List Options

The minimum hit list will always contain the
accession number of each hit and its location on the ADF,
The location data will not be displayed but will be used
if the operator requests a display of the full message.

Optionally the operator may specify additional
information to be put into the hit list, The items which
may be included are:

e full header

e date

e time

e message ID

e source

e category codes

e full text

file name in which hit was found

e hit mask showing which keywords were contained
in each hit,

Note that if several items or the full text is requested,
the list may be filled by the first few hits and no data
pertaining to later hits will be available. 1In any case
even with the minimum hit list, a count of the total
number of hits will be included and an indication if
there were more hits than would fit in the list area.

Message Storage Areas

The Associative Disk File (ADF) has a capacity of
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300 megabytes in 24,240 sectors of 12,288 bytes each.
File areas are assigned a name and a fixed physical
location., The system as delivered will have only the
active file area defined but others can easily be added.
A named area can either be a single file area for search
or entry, or it may be a group of adjacent file areas
for searching only.

Acfive File Area

This area will be large enough to accommodate at
least six days input messages under most circumstances.
If message traffic is higher than expected, or if longer
retention times are desired, the area assigned to this
file can be increased. Messages will be deleted from
this area only as new input is received which requires
the space. If input is slow, messages may remain on
the active file more than five days. Optionally a routine
may be added later to delete messages exactly five days
after their entry into the system.

The active file will have its cylinder allocations
updated automatically as messages are added. This is the
only file area which will have this feature. The active
file area will have several names associated with it.

One will be for the entire active area and the others will
be for each of the most current five days. The oldest
messages will be overwritten as new data is added.
Messages which are to be retained longer should be copied
to a permanent file,

Permanent Storage Areas

The remainder of the ADF not occupied by the active
file may be used for permanent files., It may be divided
into file areas for messages and commentary which the
analysts desire to retain. The file areas will be
assigned names and allocated a certain area of the ADF.
Messages of interest which are found in the active file
may be edited by the analysts and filed in one or more
of the permanent areas. These files may be reserved for
geographic areas, individual analysts, subject codes, or
any other criteria desired by the analysts., Messages in
the permanent file areas will not be deleted except by
specific analyst action., Optionally a routine could be
added later to periodically purge messages of more than
a certain age, such as 90, 180, or 360 days.




2.3.8

Message Input

Input messages for the five day file are accepted
without any requirement for action by the analyst. There
will be a log of input execution reports which will call
out input messages which did not correspond to the
prescribed message format or had invalid entries in the
header fields. The file area directory for each days
input will be automatically updated. As the area allo-
cated to the active file is filled, new input will write
over the oldest messages still in the file. When a days
messages have been written over, that day will be removed
from the directory.

In the initial system, input will be read from files
which have been placed on the RK-05 disk pack by another
system., Optionally the system could be adapted to accept
on-line input,

Message Editing and Refiling

The analyst may display and examine any message found
either by search or by direct access if the message number
is known, If desired, he may edit the message by modify-
ing or deleting portions of the text and/or header. He
may also add comments to the message. After editing, the
message may be refiled in the active file or in one of
the permanent storage areas by specifying a file area
name in a file command. The file area specified must be
a single file.

After each message is filed, the space remaining in
the area will be reported to the analyst, He may delete
one or mcre messages and/or request that the data be
compressed so that space may be made available for new
data, The space allocated to that file area may be
increased in the file name directory if the operator
observes that the space remaining is insufficient for
future needs. Note that file directory changes can be
made only when the terminal is inactive.

Name Directories

There will be several directories or lists of names
which can be modified to change the actions of the system.
Since access to data stored on the ADF can be affected
by these changes, changes will not be permitted while the
system is Operating. It will be a simple task for User
personnel acquainted with the PDP-11 to modify directories.
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Tuck Words

The tuck word list will contain up to 160 punctua=
tion symbols (. , " / () =) and short words (such as
"a", "the", "and", "is".) which are frequently used and
not likely to be the subject of a search. These words
should not be changed unless all messages stored on the
disk are edited to reflect the new list, If all the
codes have not been used, new codes can be added but
this may cause messages which were entered before the
addition not to match on a phrase search element. The
added tuck word will not be permitted as a single word
text search element.

Format Related Names

Initially the system will allow only one message
format. Others can be added by inserting the appropriate
format definition information, including:

1. The format name

2. The name, type, and location of each attribute
in the header.

3. The allowable attribute values, either a numeric
range, or a list of value names,

The format definition will also include data which are
used by the computer to form the Associative Processor
search program.

File Area Names

The allocation of storage in the ADF will be defined
by the file area name directory which will contain the
name of each file area and the tracks or cylinders
allocated to it. The names and allocations of the active
file will be updated automatically, but the User may
specify the area allocated to all active files and the
names and allocations of permanent files,

Search Algorithm Names

When each search algorithm is filed by the analyst,
the name will be added to the list of algorithms on file.
These algorithms will be stored on the RK-05 disk.

This is the only directory which can be updated on line.
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SYSTEM DATA FLOW

Data Types

There are four types of data associated with the
SDCS. They are messages, search algorithms, message
numbers and system files. Sources and destinations for
these data types are the system disk (RK-05), the system
terminal (Decwriter), Associative Disk File (ADF),

Line Printer (LA-11), and the Graphics Display terminal
(SA500).

Messages

Messages are stored in either teletype or associative
processor format depending upon where they are residing.
In general, messages stored on the ADF are blocked into
associative processor format and messages on the system
disk or the graphics display are in teletype format.

ACP 127 (E), JANAP 128 (F), and other applicable standards
will be used for formatting AUTODIN,

Messages are assumed to be input in teletype format
complete with carriage returns and line feeds. Other
inputs messages are assumed to be in standard ASCII
Representation. The exact structure of these messages and
the peculiarities of different installations can only be
settled by direct interaction between Sanders programmers
and user site representatives,

Input Message Flow

Initially the input device will be the RK-05 Disk.
Input messages meeting the criterion set out in paragraph
2.1.3.2 are stored as logical records in an RK-05 Disk
File., To input messages, the appropriate disk cartridge
is loaded. The analyst specifies the UIC and filename
of the file containing the messages. The new messages
are blocked into associative processor format and stored
onto the ADF,

Optionally, software may be written to support either
the paper tape unit or a communications interface such
as a modem as a message input device. This will be
necessary for future real time applications. The input
message flow is as follows:




RK-05 DECWRITER ?

ADF SA 500

Display Message Flow

To display a message stored on the ADF, the user
specifies the message number and the message is retrieved
from the ADF, unblocked, and displayed on the graphics
terminal:

RK=-05 DECWRITER

ADF — | sA 500

Update Message Flow

After editing a displayed message, the updated
version is written back to the ADF. If the new version
is longer than the old, the old message is deleted and the
new one is written to a buffer area on the ADF. Else the
new version is written over the old message:

RK=05 DECWRITER

ADF - SA 500




Composite Message Data Flow

Messages originate on the RK-05 Disk. They are
blocked and stored on the ADF during input. Then they
can be unblocked and displayed on the Graphics Terminal,
edited, reblocked and stored back onto the ADF.

RK-05 DECWRITER

ADF -t L sA 500

Search Algorithm

Both the sources and the compiled object of search
algorithms may be stored on the system disk. Further,
the source may be retrieved, edited, compiled and the
updated version of the source and object stored back on
the RK-05, The object files are transferred from the
RK-05 disk to the buffer of the ADF to initialize the
search,

Retrieving Search Algorithms

To update a search algorithm previously stored, the
source of that algorithm is retrieved from the system
disk and displayed on the graphics terminal:

RK-05 DECWRITER

ADF SA500




|
|

Storing Search Algorithms

After editing a search algorithm source and compiling
the corresponding object code, both data files are stored
on the RK-05 disk:

RK-05 g DECWRITER

ADF L___ SA 500

Exectuing Search Algorithms

To execute a search algorithm, the appropriate object
module is transferred from the RK-05 disk to the program
block area of the ADF buffer:

RK-05 DECWRITER
ADF SA 500

Composite Search Algorithm Data Flow

Search algorithm sources originate on the SA 500.
are stored onto the RK-05 disk, and may be retrieved back
to the graphics terminal for re-edit. Compiled object
code is stored on the RK-05 from the SA 500 and is loaded
into ADF buffer to specify search parameters.

RK=-05 DECWRITER

ADF SA 500
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Hit List

The result of a search is a list of hits. The list
contains message number and other identifying information.
This 1list is produced during a search as hit data is
passed from the ADF to the graphics terminal., Message
numbers are also used in the display and update message
functions to specify the appropriate message.

RK-05 DECWRITER

ADF g ' SA 500

System Files

System files, primarily programs and indexes, are
stored on the system disk and maintained from the system
terminal under the RSX-11M operating system:

RK-05 el — —® DECWRITER

ADF SA 500

Composite Data Flow

Messages originate on the system disk, are stored on
the ADF, displayed on the graphics terminal and restored
on the ADF. Search algorithms are created on the SA 500,
stored in User directories of the RK-05 disk and can be
recalled to the ADF for further editing. Search algoritim
objects are compiled from sources on the SA 500 and stored
on the RK-=05. From there they are loaded into the ADF
to execute a search, System files flow between the
system disk and the system terminal:
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2.5

Associative File and Processor Architecture

Functionally, the associative file and processor is a
peripheral on the PDP-11 bus. Search algorithms and related
search parameters are passed to the Associative/Parallel
(A/P) processor, the search performed by the A/P processor,
and search results passed to the PDP-11. The search process
itself is an "off-bus" operation performed entirely within
the associative processor unit.

The major components of the associative processor are
the Content Addressable File and the A/P Processor with its
associated disk buffer, bus interface, program memory and
processing logic.

Figure 2-10 is a block diagram of the associative
processor showing the relationship of its major components.

The SDCS disk file with input, output, and search
logic resides in a collection of logic boards, cables and
disk(s) known as the Associative Processor. This Assembly
can be made to perform as a large (300 megabyte to 1.2
Gigabyte) random access mass storage medium or as a large
data base, whose contents may be interrogated without the
restrictions commonly associated with indexed data retrieval
systems.

Physically, the Associative Processor is a l6-card 19"
rack mountable logic card file. The Control Panel at the
front of the card file is provided for entering diagnostic
instructions and monitoring associative processor status.
The card file with the associated Control Panel mounts onto
one of the three PDP-11 equipment cabinets. A ribbon cable
connects the Associative Processor (A/P) card file to the
PDP-11 UNIBUS providing the A/P with the primary command
and data link to the PDP-11 host. Another cable, the disk
control cable, links the Associative Processor to a 300
megabyte Disk Storage Unit. More spindles at 300 megabytes/
spindle may be added as customer requirements demand. The
Disk Storage Unit is a semi-fixed medium forty surface
single spindle device. Disk transfers to and from the four
heads take place over four 9.7 MHz serial data transfer
lines within the disk control cable. Although the prototype
system is based around a PDP-11/45, the Associative Processr
is not restricted to this particular host. As a general
computer peripheral, the Associative Processor, with suit-
able interfacing, can be adapted to other computing devices.

The sixteen logic cards of the Associative Processor
can be classed into three distinct functional groups.
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Three of the cards comprise the Disk Control Unit (DCU),
two more the €omputer Interface Unit (CIU), and eleven
other the Analysis Unit (AU). One card slot is reserved
for expansion.

2.5.1 Associative Disk File (ADF)
The ADF consists of a 300 megabit Disk Storage Unit
with 4 parallel read/write heads and a 16 channel parallel
Disk Control Unit.

Disk Storage Unit (DSU)

The DSU is a 3600rpm semi-fixed media moving head
disk with 40 recording surfaces and 404 cylinders. Four
read/write channels may be connected to any one of ten
read/write head groups (4 heads per group). A channel
data transfer rate of 1.209 MBytes per second results in
a total disk peak data transfer rate of 4.84 MBytes per
second.

Each group of 4 recording surfaces is partitioned
into six 3072 byte data sectors followed by a 288 byte
sector gap. A 4 track parallel sector thus contains a
total of 12,288 bytes. A total of 24,240 sectors per
spindle provides a total formatted data capacity of 298
million bytes as shown in Figure 2-11.

During a file search, the 4 read/write channels are
switched to a new group of read/write heads after each
disk revolution. Switching toa new head group (25 micro-
second switch time) occurs during a sector gap (197
microseconds). After 10 revolutions, the heads seek a
new cylinder. No data is transferred during cylinder
seeks, thus reducing the net data transfer rate to 4.02
bytes/microsecond.

Disk Control Unit (DCU)

The DCU interfaces the disk storage unit with the
A/P processor and provides for disk head and cylinder
selection, the control of read/write operations, and
skew/deskew compensation for head alignment variations.

In addition, the DCU transforms &4-channel disk
storage unit data into the 16 channel data path which
constitutes the disk control unit interface to the A/P
processor.,

Data blocks, as encoded and formatted by the PDP-11,
are stored on the DSU such that two successive data bytes
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are stored across 4 tracks of a given cylinder as shown
in Figure 2-12,

This data mapping, which provides for hardware
minimization in the DCU, is performed entirely by the
DCU and is completely transparent to the rest of the
system,

Associative Processor

Computer Interface Unit (CIU)

The CIU is the executive of the Associative Pro-
cessor, This two-card set accepts commands over the
UNIBUS, issues commands over an eight bit '"Data Vector"
Bus to the DCU and AU, conducts data transfers between
the UNIBUS and the Data Transfer Bus, and monitors flags
from the AU and DCU. The CIU is responsible for main-
taining A/P intra-communication, initializing searches,
breaking down macro commands from the UNIBUS into a
series of micro commands for unit within the A/P, con-
ducting Direct Memory Access (DMA) transfers to PDP-11
Memory, counting the number of messages meeting search
criteria, and providing interrupts to the PDP-11.

Analysis Unit (AU)

The AU is an elevemcard set dedicated primarily to
conducting searches of the message header and text read
from the disk. It also provides buffer space for storing
one disk sector of data (6144 sixteen bit words), and
buffer space for program information (2048 sixteen bit
words). Four of the cards, the Detector Modules
are identical. These house the data and program buffer
logic to detect the existence of desired words in text,
and bipolar storage for the results of the text word
detectors. A unique card, the Link Analyzer, performs
spatial and logical correlations on the results pre-
sented by textword detectors. The six Analysis Control
cards coordinate the activity of the other five cards
provide data and program buffer address control, respond
to commands received over the data vector bus, and
present status flags to the CIU. A block diagram of the
AU is shown in Figure 2-13.

Data Transfer Bus
The three major units communicate over an intermnal
Data Transfer Bus. Eight lines within the Data Transfer

Bus, known as the Data Vector, are driven by the CIU.
These lines specify source and destination of a data
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2.5.4

transfer or provide command information. A ninth line
also driven by the CIU causes execution of the deskewed
data vector. Sixteen bidirectional data lines provide

the internal data path for the Associative Processor

and may be driven by any of the major units. A seven-
teenth line deskews and strobes the data into the

location specified by the data vector. The remaining
lines in the Data Transfer Bus are status lines from

the DCU and AU which indicate error conditions, completion
of search, and readiness for additional commands.

To illustrate the use of this bus, take the example
where the CIU requests a word of data from the AU. First
the CIU places the Data Vector, specifying the desired
AU register as the source and a CIU register as destina-
tion, onto the Data Vector lines. The execution strobe is
issued by the CIU, and the AU raises a busy flag while it
looks for the data. The AU places the requested data on
the sixteen data lines and pulses the data strobe. The
CIU refers to the Data Vector and latches the data into
the specified destination register. The AU lowers the
busy flag allowing the CIU to issue another command. This
closes the transaction.

Free Format Processing

To process the 38.8 megabits per second arriving from
the disk in real time requires the use of parallel
processing techniques. Sixteen text detectors are
arranged in parallel to accomplish this function and are
capable of screening: text data, brevity coded data,
or a mixture of both. To provide sixteen text detectors
with the ability to perform parallel text processing, the
disk data buffer memory is organized as a 128 by 768 bit
memory (Figure 2-14). The 128 bit width of the memory
presents eight bits of data to each of the sixteen text
detectors. The eight bits of data could bean ASCII code
for a text character or a binary representation of coded
data. In either case, literal words generally consist of
more than one of these characters or coded fields. It is
necessary that each text detector examine only one literal
data word at a time. This requirement of the processing
array constrains the arrangement of the text within the
buffer to sixteen rows of characters., Each of these
rows represents one of sixteen literal data words.

Fixed Format Processing
Where brevity coding is used, the multibyte rows con-

stitute an attribute. An attribute, likea literal data
word,is a fundamental unit of information. Unlike a
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literal data word, an attribute taken out of context has
no intrinsic meaning, it is only a number. To derive
meaning from an attribute, it is necessary to determine

in what type of formatted message the attribute is located.
The message format type corresponds to a map of the
message indicating where the various types of information
are located (e.g., time of day-slice, addressee-slice,
originator-slice and so on). Each type of information has
a numbered list associated with it (e.g., @1-COMASWFORLANT,
#2-COMSUBLANT, @3-COMCARIBSEAFRON). The attribute is

the number in the list. If the formatted message had
COMCARIBSEAFRON as one of the addressees, the binary
representation for @3 (00000011) would appear in slice 2
of the message. Clearly without the rest of the positioml
information, 00000011 would mean very little. Equally
obvious are the advantages for using such a scheme.
Increases in message information density of 10-100 to one
can be realized over free text message information density.
As mentioned above, both types of messages may be screened
by the Associative Processor.

Disk Data Write

Now that the necessity for a 128 bit wide memory has
been established, the unusual disk loading and unloading
protocol can be explained. First the disk is commanded
to establish markers or headers on each of the 24,240
sector locations indicating the physical address of the
sector. Once these information bins have been set up,
the data base is created, one sector at a time, as a
storage medium to storage medium transfer. Typically,
the data base will be sourced and updated from one of the
RKO5 disk units associated with the PDP-11. Up to 1.2
million 16 bit words can be transferred from such a disk
in 6144 16-bit word blocks via the UNIBUS to the Associa-
tive Processor. As each of the 16-bit words arrives at
the Associative Processor, it is commutated into a 128
bit memory input latch. When eight 16-bit words have been
assembled into a 128 bit slice, the resultant slice is
written into the disk buffer memory and another slice is
assembled in the input latch.

When the 6144 word sector has been written as 768
slices into disk buffer memory, and the sector location
to receive the data has been specified, the CIU may be
commanded by the PLP-11 to transfer the sector from disk
buffer to disk. The CIU, in turn, commands that data
transfer to take place over the Data Transfer Bus., A
slice is read from the disk buffer into a 128 bit output
latch., This slice is read, 16 bits at a time, onto a

memory output bus known as the Switched Bus. From there
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it is passed by a data path switch, in one of the
analysis control cards, to the Data Transfer Bus. The
DCU passes the data from the Data Transfer Bus to four
4-bit first-in (FIFO) buffers. The output of each of the
four buffers is a 9.7 MHz serial line to each of the four
write heads. When the write heads are positioned over
the desired sector, the DCU allows data to pass from the
FIFOs to the write heads where data is clocked onto the
disk., A trailing two byte cyclic redundancy check word
is written on the end of the block to provide a means of
detecting data errors when the sector is retrieved.

Disk Data Read

Disk data retrieval is accomplished by reversing most
of the above steps. Four 9.7 MHz serial lines sourced by
the disk read heads input to the four 4-bit FIFOs. The
FIFOs output 16 bit deskewed words and the DCU passes
these to the Data Transfer Bus. The AU accepts the 16 bit
words from the Data Transfer Bus and assembles 128 bit
slices in the disk buffer input latch, Slices are written
into the disk buffer until the entire sector, 768 slices,
have been transferred. Another command moves the contents
of the disk buffer output latch, Switched Bus, and Data
Transfer Bus., From the UNIBUS and PDP-11 can direct the
data to one of its peripherals or a region of memory.

Search-Set Up

Search is amultiple sector read with concurrent text
analysis. The disk buffer and program buffer begin the
search as empty memories. The program buffer, a 256 x 128
bit memory is loaded first. Program variables include:
up to thirty-two literal reference words, relational values
between the words, reference character control fields,
dimensional information, and search type codes which may
be loaded either from the disk or from the UNIBUS. The
region of the disk to be searched is specified by the
PDP-11 and then a command is issued to begin the search.
The DCU seeks the first sector of the search while the
Analysis Unit transfers some of the information in the
program buffer into bipolar working spaces. When these
two tasks have been completed, the CIU sets up a data
path between the DCU and the AU, allowing data transfer
from the disk to the disk buffer.

Search-Textword Detection
After the data begins to accumulate in the disk buffer,

the Analysis Control cards transfer data a slice at a
time from the disk buffer to the textword detectors.
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A slice is then read from the program buffer. This
program slice contains eight program elements each of
which is broadcast over the Switched Bus to all 16 text-
word detectors. The program element consists of an eight
bit data field and an eight bit control field. The
control field specifies the relationship that is desired
between the program data characters and the disk data
character. Allowed relationships include: equal (=),
not equal (#), greater than (>), less than (<), greater
than or equal (Z), less than or equal (), don't care
(?), and alwvays false (@). The textword detector records
the result of each comparison accumulating one bit for
each of the program elements. Results for up to thirty-
two program elements can be accommodated in this way.
Literal reference words or "key-words'" like literal data
words from the disk are strings of characters arranged
horizontally in memory. Since Program Memory and Disk
Buffer Memory have the same width, 128 bits, and half of
the program space is taken up with control fields, only
eight horizontal character strings can be accommodated in
the program space. Keywords are thus blocked in groups
of eight literal words. The textword detectors are
capable of comparing one literal data word with up to
thirty-two keywords (four 8-key blocks).

Textword Detectors-Free and Fixed Format

The first step in textword detection is to load the
first characters of 16 data words into the textword
detectors. The first character of eacii of the keywords
is sequentially loaded into the detectors and compared
with all of the data characters. This process continues
until all of the first letters of the keywords have been
compared with data. The results of the first-character-
to-first-character comparisons determine which of the
keys will be called for future comparisons. The second
data slice is then loaded into the textword detectors.
Then the second characters of these keywords which
successfully matched data on the previous comparisons are
compared to the new data characters., This comparison
process continues until one of two events occurs. One
event would be a mismatch between keys and data. In this
case the textword detectors are rezeroed and comparison is
resumed on the next data block. The other event is a
successful match between one or more keywords and data
words, In this case the textword detector results are
transferred to the link analyzer for correlation.

Textword Detectors; One=-on=-One

There is one exception to the comparison scheme
described above. This was developed for very dense
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message formatting where as many as eight independent
attributes could be arranged in a single slice. This
i . form of comparison is known as one-on-one. Instead of
comparing all key elements to all data elements, the key
elements are compared only to the data in a corresponding
position in the slice. This templating operation gener-
ates an eight bit result which is unconditionally trans-
ferred to the link analyzer for correlation.

2.5.12 Key Strike Register

The results of the textword detectors are received by
a microprocessor which assembles an entity known as a
Key Strike Register (KSR). This 32-bit register represents
the accumulated results of the 16 textword detectors over
the entire message being searched. At the end of the
message this register is presented to the correlator which
performs logical associations between elements in the
register. The microprocessor assembles each 8-bit section
of the register according to the search type employed.
One-on-One search, as mentioned above, specifies an un-
conditional load into the KSR. Fixed format search causes
the microprocessor to tally one bit for each attribute.
Free text search results are delivered to the microproces=-
sor after each data block having at least one successful
keyword to data word match. These results are accumulated
in such a way that if the keyword appeared anywhere in
the message that result will appear in the KSR.

2.5.,13 Correlator

At the end of each message the contents of the KSR are
delivered to the correlator. This device examines the
relationships between the KSR elements to determine ff
the candidate message meets search criteria. The correla-
tor outputs five bits. One bit, the HIT bit, indicates
the presence of a desired message. The other four bits
are correlation outputs from each eight bit section of
the KSR. Associations that may be performed include the
following:

AND - Both keywords linked by this operator
must be present.
OR - One of the two keywords linked by

; this operator must be present.

: EXCLUSIVE OR - One and only one of the two keywords
linked by this operator must be
present

NOT - The keyword linked by this operator

must not be present.




NAND - The keywords linked by this operator
nust not appear in the same message.

NOR - Both of the keywords linked by this
operator must be absent.

EXCLUSIVE NOR

The keywords linked by this operator
must either be both present or both
absent.

The program may use any consistent combination of
these operators within a group of eight keywords. The
program may also use any consistent combination of the
above operators with the group correlation outputs to
specify the conditions necessary to obtain a message HIT.

2.5.14 Quote Analyzer

In many instances it is desirable to require that

keywords appear in a certain order and/or occur within b

a given interval. One group of eight keywords may be V
I specified in this way. The Quote Analyzer looks through '

an eight word sliding window at each candidate message

and may be programmed to look for any consistent spatial

arrangement of the eight keywords within the eight word

window. The Quote Analyvzer outputs four independent bits

(four independent spatial arrangements) to the correlator.

The four quote bits are used in conjunction with the i

group correlation outputs to obtain a message HIT. To the

programmer, this means that not only could he specify

that the desired message contains the words SOVIET,

TURKISH, GERMAN, SUBMARINES, AND NUCLEAR but also the 3

phrases SOVIET NUCLEAR SUBMARINES and GERMAN NUCLEAR SUB-

MARINES.

2.5.15 Hit Response

Once a desired message has been located, all search

operations cease and the CIU executes a prespecified Y
series of instructions in response to the HIT. This f
instruction series is specified by the PDP-11 at the
beginning of the search. Available responses include: %
1. DMA transfer message header to PDP-1l1l core
2., DMA transfer message location to PDP-11 core
3 DMA transfer message to PDP-11 core
4, DMA transfer KSR to PDP-1ll1l core
5. DMA transfer group correlation and quote bits to ‘
PDP=11 core L
6. Terminate search |
7. Increment HIT counter i
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2.5.16 Summation

The Associative Processor described above, operating
in concert with the PDP-1l1l, is able to screen large data
bases on the basis of content. This system is powerful
enough to perform complex logical and spatial associations
on data arriving at a serial rate of 38.8 megabits per
second, yet flexible enough to allow an operator at the
graphic terminal to enter data requests in a form approxi-
mating natural language. The associative processor is a
timely addition to the growing family of data processing
devices. With such a device the ever increasing store
of information can be more successfully managed.

——



2.6 Sy

stem Software

2.6.1

2.6052

2.6 ‘3

2.6¢341

INTRODUCTION

The SCAT system is designed to allow an operator to inter-
actively search and update a large data base in real time.
This operation can be broken down into three major
functions:

1. System initialization
2. Data input
3. Operator interface

System initialization consists of incorporating the
necessary modules into the RSX-11M operating system and
initializing the Associative pDisk File (ADF). Data input
is the process by which input messages are read in (from
an RK-05), blocked, and stored on the ADF. The operator
interface includes those modules which allow the operator
to compose, compile and execute search algorithms, display
and update messages, and perform other auxiliary tasks.

System Requirements

The hardware system consists of a PDP-11/45 processor with
a Decwriter terminal, 128K bytes of memory, 2 RK-05 disks,
and paper tape reader and punch. Connected to that will
be the associative processor with a 16K byte buffer and a
300M byte Associative pDisk File (ADF). The primary
operator terminal for SCAT will be an SA 500 graphic
display and keyboard.

The SCAT software will operate as several tasks designed
to run under the RSX-11M operating system provided by DEC.
Each major function will not execute concurrently but

must be initiated from the PDP-11 control terminal (DLEC-
writer). Some additional software is necessary to allow
multiple operator terminals and simultaneous execution

of the data input and operator interface functions.

General Capabilities

System Initialization

The first half of SCAT system initialization con-
sists of performing a system generation (SYSGEN). This
process allows the user to optimize his RSX-11M oper-
ating system to reflect the hardware configuration and
system functions he wishes incorporated. Drivers for
all the DEC peripherals, for the SA 500 Graphics Display
and for the associative processor are incorporated into
the operating system at this time. The second half of
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2.6.5

SCAT system initialization consists of initializing
the ADF. The entire ADF is filled with blank messages
and the ADF directory is updated. Bad sectors are
flagged and entered into the bad sector map. This
process is performed once for each installation of the
SCAT system.

Data Input

Data input consists of reading in messages from an input
peripneral, blocking each message, updating system
pointers and storing the messages on the ADF. First, a
message is read in from the RK-05. The capability also
exists to input messages from any logical input device in
the system i.,e., paper tape, Next, the message is blocked
This reformats the message to optimize the search. Header
information is encoded and textual data is compressed
during blocking. No information is lost. Next, a disk
sector for storing the message is found and various system
pointers are updated. Finally, the sector is stored back
onto the ADF and the message can now be searched, edited,
and updated.

In the standalone mode the function of data input is
envisioned to be rum as a batch process. However, the
data input modules are designed to operate as a background
task, allowing real time data input.

Operator interface

The operator interface is the heart of the SCAT system.
Designed for flexibility and ease of use, the man-machine
interface consists of a command module and various sub-
modules initiated by a single keystroke (see figure2-15).
Each submodule performs a mini-function which allows the
operator to perform his task.

As an example of man-machine interaction, suppose he
wishes to search the last day's traffic for weather
reports. Striking the ENTER ALGORITHM key, a blank search<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>